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Abstract
Mouse islet subcapsule transplantation is widely used in diabetes-related studies. Reliable and
reproducible transplantation is essential to the success of those types of investigations. The present
protocol presents detailed procedures on the mouse diabetic model and islet implantation. The blood
glucose tracings under varied transplant circumstances are presented, covering syngeneic, allogeneic and
xenogeneic islet transplantations. This protocol is straightforward and has been proven to be practical
and reproducible.

Introduction
Islet transplantation has become a very progressive �eld in diabetes studies in the recent few decades. It
took almost 30 years from the �rst islet transplantation in rats to the �rst successful islet
allotransplantation in patients with type 1 diabetes 1,2. Islet transplantation as an important procedure is
widely used in almost all diabetes-related investigations, including diabetic therapy, anti-rejection drug
selection, xeno-islet searching, and stem cell-based islet replacement. An ideal islet transplantation
protocol is a basic requirement for reliable diabetic studies. As a concomitant technique of the protocol
for islet isolation from mouse pancreas 3, we present a practical and reliable protocol for kidney
subcapsular islet transplantation in mice.

Reagents
• Streptozotocin \(STZ, Sigma, cat.no. S-0130) • Nembutal \(50 mg ml-1 solution) \!CAUTION Toxic if
swallowed. • Iodophors • Mice \(Balb/C, C57BL/6J, 8-12 weeks old) \!CAUTION Experiments involving
rodents must conform to National and Institutional regulations.

Equipment
• 1.5 ml eppendorf tubes • PE-50 tubing • 200 μl pipet tips • 15 ml centrifuge tubes • 25G syringe needle •
“L”-type glass rod \(Home made) • Surgical instruments \(tweezers, hemostatic forceps, dissecting
scissors) • Microsyringe \(Hamilten threaded plunger syringe, Fisher) • Fiber optic light source • Centrifuge
• Biological hood • Cautery \(Fine tip cautery, Aaron) • Glucose meter \(ONE TOUCH, Johnson & Johnson)

Procedure
Preparation of diabetic mice 1. Dissolve appropriate amount of streptozotocin with STZ/acetate buffer
and inject the mouse \(i.p., 175-250 mg kg-1 body weight). ?TROUBLESHOOTING 2. Monitor blood
glucose with glucose meter on day 2, 3 and 4. When the animals are hyperglycemic \(blood glucose > 18
mM) on two consecutive days they are ready for islet transplantation. Packaging islets for
transplantation 3. Transfer predetermined amount of islets for each recipient into 1.5 ml eppendorf tubes
individually and let the islets settle down to the bottom. 4. Collect the islets into PE-50 tubing at about the
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half way of full length of the tubing \(15~20 cm) with a microsyringe, and then fold the PE-50 tubing at
about half way leaving all islets in one end \(Fig. 1). 5. Insert the folded PE-50 tubing into a 200 μl pipet
tip, then, put into a 15ml centrifuge tube and centrifuge at 2500 rpm for 10 min at 4oC \(Fig.1). 6. After
centrifugation, attach PE-50 tubing to the microsyringe again, remove the pipet tip and cut a cant at about
1 cm apart from the islet pellet. Islet transplantation 7. Anesthetize the diabetic mouse with Nembutal \
(i.p., 0.05ml per mouse) and shave the left �ank of the mouse. Then, swab the shaved area with
iodophors. 8. Make a small incision through skin and muscle of the left back side of the animal. ?
TROUBLESHOOTING 9. Expose the kidney outside the body using two saline-wetted cotton-tipped
applicators. Apply a slight pressure to both sides of the incision, raise or pop the kidney out of the
abdominal cavity. Keep the kidney moist by applying saline with a cotton-tipped swab. 10. Using a 25G
syringe needle, make a small scratch on the upper pole of the kidney, creating a nick in the kidney capsule
\(Fig.2) 11. Insert the “L”-type glass rod into the hole in the capsule and carefully move it under the
capsule to make a small pouch \(Fig.2). 12. Slightly lift the capsule with the glass rod and carefully insert
the islet-containing PE-50 tubing into the pouch. Then, release the islet-pellet with the aid of microsyringe.
Once all islets are inside the pouch slowly remove the tubing and quickly seal the pouch with a cautery. ?
TROUBLESHOOTING 13. Sew muscle layer with a 4-0 absorbable suture and close the skin with a 4-0 silk
suture. Post-transplantation recovery and follow-up 14. Place the mouse on a heating blanket and inject 1
ml of saline. 15. Keep the animal alone until it is completely recovered. 16. During the experimental
period, the mice are allowed free access to tap water and chow. 17. Measure blood glucose every other
day post-transplantation. 18. In case of graft removal for the con�rmation or other immunohistological
purposes, repeat steps 7-9 and excise the whole kidney after ligation of the vein and artery. Then, repeat
steps 13-15. 19. In case of second transplantation on right kidney, repeat steps 7-15.

Timing
Steps 1-2, Preparation of diabetic mice: 3-5 days Steps 3-6, Packaging islets for transplantation: 12-15
min Steps 7-13, Islet transplantation: 10-15 min

Troubleshooting
**Step 1: Diabetic model was not induced in due course** The sensitivity of mice to STZ varies with their
age, gender and species. To our knowledge, C57BL/6J mice require lower dose of STZ than Balb/C mice.
So, it is a good practice to take a small-scaled trial for the given species before starting the formal
experiment. Animal age should be limited if possible to a small range. **Step 8: The incision toward
kidney was mislocated** After cutting the skin, the spleen is readily recognized through the thin layer of
the muscle. The incision should be made along the lower edge of the spleen. **Step 12: Kidney capsule
was broken by PE-50 tubing** The following two tips may be helpful in avoiding the problem: \(1) while
inserting the tubing into the pouch, make sure to position the tube along the curve of the kidney surface; \
(2) always keep the kidney surface wet with saline.
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Anticipated Results
As illustrated in Fig. 3, STZ-induced hyperglycemia was promptly corrected by syngeneic islet
transplantation. The corrected euglycemia was reversed to hyperglycemia when islet graft-bearing kidney
was removed, thereby con�rming the function of transplanted islets. A short time rebound of blood
glucose after islet transplantation is not a rare phenomenon. It might be due to operation-related stress
and/or manipulation-induced islet instability. Hyperglycemia following nephrectomy in STZ-induced
diabetic mice can be corrected again by the second transplantation on the other kidney \(Fig. 4). The
second islet transplantation may be a useful option for some investigations. The immunohistochemistry
of islet-graft was not given in the present protocol. However, interested investigators may refer our recent
report 16. The time course of islet-graft being rejected is mainly determined by the conformity of
histology between donor and recipient. Figure 5 displayed the different patterns under different transplant
combinations. Syngeneic islet transplantation showed no rejection during the observation period \(Fig.
5a). Evident rejection started on days 10-14 after transplantation on allogeneic islet transplantation group
\(Fig. 5b). For xenogeneic islet transplantation, however, the rejection took place almost instantly after
transplantation \(Fig. 5c). This information can be referenced during implement of certain investigations.
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Packaging islets into transplantation tubing. Figure 1. Packaging islets into transplantation tubing. Given
amount of islets for each mouse were kept with an eppendorff tube. After the islets settled down, they
were collected into PE-50 tubing with the aid of microsyringe. The islet-containing tubing was folded and
inserted into a 200 μl pipet tip, then, put into a 15 ml conical centrifuge tube. An islet pellet was formed
after centrifugation. The islet pellet containing tubing was mounted onto the microsyringe for
transplantation.

Figure 2

Illustration of renal subcapsule pouch making and islet transplantation Figure 2. Illustration of renal
subcapsule pouch making and islet transplantation. The corresponding step-wise �ow chat is described
as follows: punch a hole on the top pole of the kidney  insert the glass rod and make a subcapsular
pouch  insert the islet-containing tubing with the aid of the glass rod  move the tubing back and forth as
indicated by arrows  release islet into the bottom of the pouch with the aid of the microsyringe.
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Figure 3

Blood glucose monitoring in diabetic mice Figure 3. Blood glucose monitoring in diabetic mice. STZ-
induced diabetic mice were maintained in the institutional animal center with free access to water and
chow. Blood glucose concentration was continuously assessed and presented on control animals (n = 4,
gray lines) and islet-transplanted animals (n = 7, black lines) respectively. Female C57BL/6J mice were
used as recipients and male C57BL/6J as donors. 400 islets were subcapsularly transplanted. Tx: islet
transplantation; Nc: nephrectomy.
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Figure 4

Blood glucose monitoring in diabetic mice with two times of islet transplantation Figure 4. Blood glucose
monitoring in diabetic mice with two times of islet transplantation. STZ-induced diabetic C57BL/6J mice
(n = 7) were transplanted on the left kidney with 400 syngeneic islets at day 3. The left kidney was
removed on day 65 and the second islet transplantation on the right kidney at day 70. Tx: islet
transplantation; Nc: nephrectomy.
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Figure 5

Blood glucose monitoring in diabetic mice with different type of islet transplantation Figure 5. Blood
glucose monitoring in diabetic mice with different type of islet transplantation. The left panels show the
distributions of individual blood glucose detections. The right panels represent the trends of blood
glucose changes with mean ± S.E.. (a) Syngeneic islet transplantation (n = 11). 400 syngeneic islets were
transplanted into C57Bl/6J mice. The time course is chosen to make it consistent with other groups.
However, the actual observation time was up to 120 days in this group. (b) Allogeneic islet
transplantation (n = 28). C57Bl/6J mice were transplanted with 400 islets isolated from Balb/C mice. (c)
Xenogeneic islet transplantation (n = 15). C57Bl/6J mice were transplanted with 3000 I.E. human islets
provided from Ike Barber Human Islet Transplant Laboratory at University of British Columbia. Tx: islet
transplantation.


